patients with PSP aged ≤50 years were treated in our institution. We reviewed the recurrence rate of PSP for each treatment strategy and evaluated the association between the recurrence rate of PSP with the clinicopathological characteristics. We also compared the surgery and non-surgery groups. Results: A significant difference in the PSP recurrence rate was found between the surgery and non-surgery groups (22% vs. 52%, respectively; p < 0.001), patients aged ≥22 and < 22 years (16% vs. 44%, respectively; p < 0.001), and smokers and nonsmokers (13% vs. 43%, respectively; p < 0.001). There were also significant differences in the multivariate analysis (p < 0.001, p = 0.050, and p = 0.001, respectively). In the surgery group, the PSP recurrence rate was significantly different between patients aged ≥22 and < 22 years (7% vs. 38%, respectively; p < 0.001) and smokers and nonsmokers (5% vs. 33%, respectively; p = 0.002). No significant differences were found in the non-surgery group. Conclusions: In the surgical treatment of PSP, it is desirable that smokers stop using tobacco and that patients are ≥22 years old. Moreover, when surgery is being considered, the best timing seems to be when air leakage is present because the air leakage sites can be resected.
Introduction
Primary spontaneous pneumothorax (PSP) occurs at frequency of 7.4-18.0 per 100,000 men and 1.2 to 6.0 per 100,000 women [1, 2] . In general, the surgical indications for PSP are as follows [3] : a second episode of PSP, persistent air leakage for longer than 3-5 days, bilateral pneumothorax, significant hemothorax, and professions at risk (e.g., aircraft personnel and divers). Patients with PSP undergo operations if they have a surgical indication, such as persistent air leakage, bilateral pneumothorax, or significant hemothorax. The consensus is that surgical treatment should be avoided if conservative treatment is possible [2, 4, 5] . However, some patients with PSP undergo operations without an absolute indication for surgery, such as those who desire to undergo surgery to reduce the risk of recurrence. Whether surgery should be performed for patients with PSP without an absolute indication for surgery remains controversial. To the best of our knowledge, no studies have compared surgical treatment with conservative treatment for patients with PSP. We hope to establish the best treatment procedure for PSP by comparison of surgical and conservative treatment. The purpose of this study was to investigate the best treatment strategy for patients with PSP by comparison of the recurrence rate associated with each strategy.
Materials and methods
We retrospectively reviewed patients with PSP aged < 50 years who underwent treatment in our institution from January 2006 to December 2013. Patients with simultaneous bilateral pneumothorax, lung disease, and traumatic and iatrogenic etiologies were excluded.
The therapeutic strategy for PSP in our institution is to follow-up patients with mild collapse and perform chest drainage for those with moderate or severe collapse. In general, we do not perform surgery and pleurodesis for patients with PSP without an absolute indication for surgery. Collapse was classified into three patterns according to Kircher's method [6] : mild collapse, < 20%; moderate collapse, 20%-50%; and severe collapse, > 50%. Operations were performed in patients with surgical indications for PSP, as mentioned above. However, even in patients with no air leakage and full lung expansion, we sometimes performed an operation if the patients desired it. For patients who underwent operations, we performed chest computed tomography (CT) if at all possible, and all operations involved the videoassisted thoracoscopic surgery approach.
We studied the recurrence rate of PSP with respect to surgery, age, sex, left or right affected side, smoking, collapse level, and previous illness associated with contralateral pneumothorax. The presence or absence of recurrence was confirmed by the clinical records of April 2015. We also compared these factors between patients in the surgery and non-surgery groups. In the surgery group, we also examined the reason for the surgery and the presence and location of air leakage sites in the lung by referring to the surgical record. In the non-surgery group, we also examined the therapeutic strategy and presence of bullae on chest CT.
Statistical analysis was performed with the StatView 5.0J software package (SAS Institute, Cary, NC, USA). Categorical variables were analyzed using the chi-square test. Multivariate analysis was performed using a logistic regression model. A p value of < 0.05 was considered statistically significant.
Results
In total, 149 patients with PSP who had been treated in our institution were retrospectively studied. The patients' characteristics are listed in Table 1 . Their mean age was 22 years (range, 14-50 years). There were 136 male patients (91.3%) and 13 female patients (8.7%). A total of 101 patients underwent surgery, and the postsurgical drainage period ranged from 1 to 13 days (median, 2 days). The involved chest side was the left in 85 patients (57%) and right in 64 (43%). Fifty-five (36.9%) patients were smokers, 90 (60.4%) were nonsmokers, and 4 (2.7%) had an unknown smoking history. Thirty-one (20.8%) patients had a history of contralateral PSP. Table 1 also shows that there was a significant difference in the PSP recurrence rate between the surgery and non-surgery groups (22% vs. 52%, respectively; p < 0.001), patients aged ≥22 and < 22 years (16% vs. 44%, respectively; p < 0.001), and smokers and nonsmokers (13% vs. 43%, respectively; p < 0.001). These factors were also significantly different in the multivariate analysis (p < 0.001, p = 0.050, and p = 0.001, respectively) ( Table 2 ). There was no significant difference in sex, right and left sides, collapse level, or presence of contralateral pneumothorax. Table 3 shows the characteristics of the surgery group. A significant difference in the pneumothorax recurrence rate was found between patients aged ≥22 and < 22 years (7% vs. 38%, respectively; p < 0.001) and between smokers and nonsmokers (5% vs. 33%, respectively; p = 0.002). Moreover, although there was no significant difference, the tendency for recurrence was lower in the patients with than without air leakage sites in the lung during surgery. Age was shown to be significantly different in the multivariate analysis (p = 0.022) ( Table 4 ). There was no significant difference in the reason for surgery, collapse level, or presence of contralateral pneumothorax. Table 5 shows the characteristics of the non-surgery group. There was no significant difference in the therapeutic strategy, presence of bullae on CT, age, smoking, collapse level, or presence of contralateral pneumothorax. However, there tended to be a difference between smokers and nonsmokers (33% vs. 61%, respectively; p = 0.080).
Discussion
The results of the present study are notable for two reasons. First, this study examined patients with PSP, including both patients who did and did not undergo surgery. Some recent studies [7, 8] , including our previous study [9] , were performed to evaluate the postoperative recurrence rate; conservative cases were not included in these studies. Few studies have surveyed patients with PSP in both surgery and nonsurgery groups [10] . We believe that surveillance of both surgery and non-surgery groups will help to establish a PSP treatment strategy. Second, to avoid bias, we excluded patients with complicated diseases such as simultaneous bilateral pneumothorax, lung disease, and traumatic and iatrogenic etiologies. This allowed us to evaluate the pure recurrence rate of PSP.
The present study demonstrated five major findings. First, the recurrence rate was lower after surgery than after conservative therapy. Multivariate analyses of factors associated with recurrence were performed using a logistic regression model. CE = coefficient, S.E. = standard error, OR = odds ratio.
In general, the first-choice treatment strategy for PSP is conservative therapy [2, 5] . However, surgery reduces the recurrence rate of PSP at the same time and cost performance as conservative therapy [10] .
Other studies have evaluated the surgical strategy for PSP [9] . In the present study, the recurrence rate was lower after surgery than after conservative therapy. Second, younger patients had a higher recurrence rate than older patients. Few reports have mentioned that younger patients have a tendency to develop PSP recurrence [11] . The higher recurrence rate might be because young patients have more immature lung tissue. A lower recurrence rate in younger patients is controversial [9, 11] .
Third, smokers had a lower recurrence rate than nonsmokers. In our previous institutional report, which addressed surgical patients with PSP, we described a similar result [9] . This finding might seem contrary to logic because cigarette smoking is generally associated with the occurrence of pneumothorax [12, 13] . However, we obtained a different result in the present study. Pneumothorax in smokers occurs through reversible changes such as bronchiolitis [13] ; in contrast, pneumothorax in nonsmokers occurs through irreversible changes such as bullae formation. One hypothesis states that the reversible changes in smokers, such as bronchiolitis, improve by stopping tobacco use, which in turn reduces the recurrence rate [14] .
Fourth, among patients who underwent conservative therapy, there was no significant difference in the recurrence rate according to age or the presence of bullae. Because the recurrence rate associated with conservative therapy itself was higher than that associated with surgery, our evaluation may not accurately reflect the real-world situation. In general, however, the presence of bullae contributes to recurrence [15] . In the present study, conservative therapy was associated with a high recurrence rate with or without bullae.
Finally, the tendency for recurrence was lower in the patients with than without air leakage sites in the lung during surgery. Perhaps the responsible lesion was not resected in patients without air leakage. This result indicates that it is important to find the responsible lesion during surgery if at all possible.
This study has several limitations. It was retrospective in design and performed at a single institution. There was bias in the follow-up time because patients with pneumothorax do not visit a doctor if they have been successfully treated, unlike patients with malignant disease such as carcinoma. Therefore, we did not perform follow-up if patients with recurrence visited another doctor. Because this was a retrospective study, the surgical indications slightly differed depending on the doctor.
Conclusions
In conclusion, in the surgical treatment of PSP, it is desirable that smokers stop using tobacco and that patients are ≥22 years old. Moreover, when surgery is being considered, the best timing seems to be when air leakage is present because the air leakage sites can be resected.
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